The removal of amaranth red dye from aqueous solution by untreated and treated pineapple peelings and coconut shells with phosphoric acid was studied in batch mode at room temperature. The study highlighted several parameters such as the contact time, the mass of the adsorbent, the pH of the solution, and the initial concentration of the dye. The results showed that the removal of dyes by the bioadsorbents depended on the pH and the initial concentration of the adsorbate. The adsorption capacity increased with increasing amaranth red dye concentration and the mass of the bioadsorbent. It was also established that maximum adsorption took place at pH = 2 for different adsorbents. The treated raw materials have greater surface area than the untreated materials. In order to deduce the adsorption mechanism, four simplified kinetic models were investigated. The kinetic data were well represented by the pseudo second order kinetic model giving high correlation coefficients R² values for all the biosorbents suggesting that chemisorption was the rate determining step. An equilibrium study of the adsorption process also showed that the Langmuir model best described the adsorption on all the biosorbents. The values of energy obtained from the Temkin isothermare also positive, this shows that the adsorption process isexothermic. These results indicate that pineapple peelings and coconut shells have a high potential as adsorbents for removing amaranth red dye from aqueous solution
Introduction
The intensive industrialization considered as key to economic development, started in the last century and is at the origin of the proliferation in the environment of various pollutants difficult to eliminate. The products resulting from the industrial activities represent a danger to man and his environment (water, land and air pollution), because of their very low biodeterioration and the slowness of their elimination. One then identifies pollutants such as: the phenolic derivatives, heavy metals, pesticides, dyes... They are however recognized to have harmful effects on human and also contribute to the destruction of the environment [1] . The dyes show chemical resistance, long lifespan on the products to which they are built-in, photolytic stability and great resistance to micro-organisms [2] . They are largely used by human in the process of variation of colours in multiple sectors: textile industries, printing, photography colour, beauty products and pharmaceutical, leather industries, the food additives and drinks [3, 4] .Their presence in water means a considerable pollution and man is directly or indirectly exposed. Amaranth red dye is recognized as being able to cause in humans beyond 0.15 mg/kg [5] , acute and chronic toxicity, tumours, allergies, respiratory problems and defects at birth [6] . It is also suspected to be carcinogenic, mutagenic and genotoxic [7] . It became a major call for concern for most researchers, the environmental agency of the industrialized and developing countries. Wastewater treatment methods such as: flocculation, advanced oxidation processes (AOP), ion exchange, electrolysis, membrane processes, coagulation, photocatalytic processes, biological treatments and adsorption [6, 8] have been employed. The majority of these techniques are very expensive and difficult to implement especially when they are applied to effluents of high flow or having weak concentrations of pollutants. Adsorption proves to be more effective and cheaper, equipment easy to implement. However the choice of the adsorbent remains a significant
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worry. The activated carbon, often proves to be less accessible to all the researchers, one is then directed to the use of materials coming from the biomass which is largely available for the elimination of the pollutants in solution by the process of biosorption [9] . Several works already carried out with these materials showed that they are characterized by various chemical functions on their surfaces, of appreciable specific surfaces and have good adsorbent properties [3, 8, 10] . Thus Guerrero-Coronilla et al. 2014 [7] used materials of maritime origin, Adii et al. 2013 [10] used the grenade peeling and Al-Sultani et al.2012 [8] used rice husks for the elimination of the amaranth red and phenol respectively. In this study, pineapple peelings and coconut shells untreated and treated with phosphoric acid were used for the biosorption of amaranth red from water. The optimization of sorption parameters, sorption isotherms and kinetics were investigated in batch mode.
Materials and methods

Preparation of biosorbents
Pineapple peelings (PAB) and coconut shells (BCB) were collected from a pre-consumer agricultural product in the Mungo Division, Littoral Region of Cameroon. They were dried under sunlight until all the moisture evaporated. The material was ground to fine powder. The leaves were washed under running water to remove dirt, air-dried for a week and ground into fine powder. The resulting material was sieved in the size 250 mesh. One part (8 g) of dried pineapple peelings and coconut shells were mixed with concentrated phosphoric acid (1 M). The mixing are agited at 200 rpm during 5h. The pineapple peelings (PAH) and coconut shells (BCH) were filtered out, washed with distilled water to remove free phosphoric acid and dried at 80°C in hot air oven for 2 h. The materials were placed in an airtight container for further use.
Characterization of materials
Surface area: The specific surface areas of the biosorbent were determined by the adsorption of acetic acid. For this, 20 mL of acetic acid solution of concentration range between 4.10 -3 and 8.10 -3 mol/L are agited with 40 mg of each material. The various mixtures were filtered after 60 min of agitation. The residual concentration was determined by volumetric titration using sodium hydroxyde [11] . Specific surfaces S f (m 2 /g) were calculated using equation 1 [11] : = (1) where N = 6.02 x 10 23 mol -1 (Avogadro number), S A = 21Å 2 , Q m (mg/g) is the maximum capacity of acid adsorbed.
pH and pH ZPC : The pH at the point of zero charge (pH ZPC ) of biosorbents was determined and carried out by adding 50 mg of each material to 25 mL solution of 0.1 mol/L NaCl whose initial pH had been measured and adjusted with NaOH or HCl between 2-12. The containers were sealed and placed on an agitator for 48 hours at ambient temperature, after which the pH final was measured. The pH ZPC being the point where the curve pH final according to the pH initial intercepts the line pH final = pH initial Fourier Transform Infra-Red: Adsorbents were characterized by Infra-Red Fourier Transform Spectroscopy to identify the functional groups and chemical bonding on the adsorbents. The FT-IR was recorded in the wave number range 4000 cm -1 -400 cm -1 using a Bruker, Alpha-P Spectrometer in Attenuated Total Reflectance mode
Preparation of dye solution
Amaranth red (E123) or Acid Red 27 (C 20 H 11 N 2 Na 3 O 10 S 3 ), is an anionic sulphonated azo dye derivate was used to prepare the simulated wastewater. An accurately weighed quantity of amaranth red was dissolved in distilled water to prepare the stock solution (500 mg/L). Experimental solutions were obtained by successive dilutions.
Batch adsorption experiments
Adsorption experiments were carried out by mechanical agitation at room temperature. For each run, 20 mL of amaranth red dye solution of known initial concentration (between 20 -60 mg/L) was treated with a known weight of each biosorbents. After agitation, the solution was filtered, and the filtrate analyzed to obtain the residual concentration amaranth red using a UV/Vis spectrophotometer (Jenway, model 6715). (2) = ( 0 − ) (3) C 0 is the initial concentration of the dye, C e is its equilibrium concentration, C t is the concentration of the dye at the time t, V is the volume of the solution, and m is the mass of the absorbent
Effect of contact time
To determine the effect of agitation time on the adsorption process, 0.03 g of ground adsorbent was agitated in a 20 mL solution of amaranth red of initial concentration 50 mg/L for different time intervals. At each time t, the solution was rapidly filtered and the residual concentration determined by UV/Vis spectrophotometry. The amount (Q t ) of amaranth red adsorbed was calculated using equation (3).
Effect of amount of adsorbent
In this set of experiments, different masses of the adsorbents ranging from 0.01 to 0.08g were treated with 20 mL solution of amaranth of initial concentration 50 mg/L.
Effect of initial pH
For each adsorbent, the optimal mass of adsorbent obtained at the end of the preceding study was treated with 20 mL of aqueous solution of 50 mg/L of amaranth red in the pH range from 2.0 -11.0. pH adjustment was done by adding either HCl or NaOH.
Effect of biosorbent treatment
To investigate the effect of biosorbent treatment, adsorption of amaranth red on biosorbent was carried out using 80 mg of biosorbent, 20 mL of solution of concentration 50 mg/L at initial pH = 2, agitation speed 175 rpm at 60 min equilibrium time.
Batch equilibrium experiments
Isotherm experiments were carried out by agitating 20 mL of amaranth red dye of concentration ranging from 20 to 60 mg/L with 30 mg of each biosorbent in a 100 mL flasks at room temperature at optimum pH of 2 and a constant agitation speed of 175 rpm for 60 minutes.
Results and discussion
Characterization of materials
The surface characteristics of the untreated and treated biosorbents used in this study are shown in table 1. According in the result in table 1, the acid treatment permitted the development of surface micropores on the materials because the treated biosorbents have a higher surface area than the untreated biosorbents. The increase in the specific surface testifies important modifications which have taken place at the level of the porous structure of these materials. All the biosorbents have acidic character 
IR spectra
The IR spectroscopy was used to determine the various functional groups present in adsorbent materials. The spectra obtained are shown below. [8, 12] Figures 2 and 3 shows that, all the spectra have the same peaks. This is proof that both biosorbents have identical functional groups on their surfaces.
Biosorption of amaranth red in batch mode
Effect of initial pH pH is one of the most important parameters affecting the adsorption process of the dye in aqueous solution, which affects surface charge on the adsorbent and ionization in solution. The influence of pH on the quantity of amaranth red dye adsorbed is presented in figure 4 below. It is expected that the rate of amaranth red dye adsorption onto the biosorbent with pH when ion exchange is one of the sorption processes. According to figure 4, the removal of amaranth red from aqueous solution is higly dependent on pH of the solution which affects the surface properties of biosorbents and the dye structure. The adsorption capacity of amaranth red on the four materials decreases with increase in pH 2-11. At pH = 2, high adsorption takes place (27.481 mg/g; 25.481 mg/g; 21.235 mg/g and 18.37 mg/g respectively for PAB; PAH; BCB and BCH). This can be explain by the fact that at pH = 2, the positive charge dominates the surface of the biosorbents, and high electrostatic attraction between the positive charge of the surface of the biosorbents and the negative charges of the amaranth red. This phenomenon can also be explained by the fact that at pH 2, lower than the pH PZC of the four biosorbents, the surface of materials are positively charged and consequently the adsorption of the anion compounds creating a strong electrostatic interaction between the surface of materials and the molecule of the adsorbate [13] . The concentration of the hydrogen ions H + affects the ionization level of the amaranth red and the surface properties of the biosorbents. This is in agreement with the results of Al-Sultani et al.2012 [8] and Nanganoa et al. 2014 [6] on the adsorption of phenol and amaranth red respectively. However, the more pH increases, the more OH -free which are able to compete with the anionic species of amaranth red active sites. it was reported previously that some acidic dyes such as amaranth red are negatively charged even in highly acid solution due to the presence of sulfonicgroups (pKa < 0) and N=N bonds in their structure. But at pH 7, we observe a light increase of adsorption capacity, which is explained by the diffusion of the pollutant on the surface of the materials.
Effect of agitation time
The time of agitation is a very significant parameter in the adsorption process, because it makes it possible to determine the time necessary to reach adsorption equilibrium and study adsorption kinetic models. The results are presented in figure 5 . Figure 5 shows the evolution of the adsorption capacity of amaranth red with time at room temperature. The results show that the adsorption process took place in three phases. The first phase occurred very fast, and takes place during the first 05 minutes of adsorption. This is explained by the great availability of all the adsorption sites of the biosorbents. The second phase that occurred was less fast, and takes place within 05-60 minutes for the four materials where the adsorption capacity at the equilibrium point (60 minutes) is 29.8 mg/g for PAB; 26.567 mg/g for PAH; 17.296 mg/g for BCB and 15.574 mg/g for BCH. This can be explained by the fact that the molecules of amaranth red obstruct the pores and slow down the rate of adsorption. The third phase was slow adsorption, and takes place within 60-100 minutes for PAB, PAH, BCH and BCB, and the adsorption capacities are almost constant representing the formation of a layer.
Effect of amount of biosorbent
To deduce the influence of the mass of biosorbent material on the adsorption of amaranth red, different masses of the materials were varied between 10 mg and 80 mg for 60 min. Both concentration and volume of pollutant solution were kept fixed at 50 mg/L and 20 mL respectively at pH=2. The results are presented in figures 6A and 6B. 
A B
percentage of the dye removed by the untreated material is greater than that of the treated material. This shows that the adsorption of the dye doesn't depend on the surface area but depends on the functional group on the biosorbent. The same results were reported by Adiiet al.2013 [10] and Nanganoa et al.2014 [6] , who also worked on the adsorption of the red amaranth by pomegranate peel and smectite clay respectively. Figure 7 shows the retention of amaranth red on raw and processed materials The analysis of this histogram shows that the percentage adsorption of amaranth red by the biosorbents treated with phosphoric acid was less than those obtained with untreated materials. This result can be explained by the fact that during the treatment, some components of the lignocellulosic materials present before the treatment having great affinity towards amaranth red, has been solubilized or destroyed. However, it was observed that PAB has a higher percentage adsorption than BCB, which explains the fact that BCB has more extractibles than PAB. Moreover PAB has a better specific surface than BCB.
Biosorbents treatment
Kinetic studies
Modeling of kinetic data is important for industrial application of the adsorption process, because it gives information that can be used to compare different adsorbents under different operating conditions [14] . The kinetic models used to investigate and describe the adsorption of amaranth red dye are the pseudo-first order, pseudo-second order, intra particle diffusion and Elovich models.
Pseudo-first order
The pseudo-first order equation is generally expressed as [15, 16] :
where and are the adsorption capacities at equilibrium and at time t, respectively (in mg/g) and K 1 is the rate constant for the pseudo-first order adsorption (1/min). After integration and applying boundary conditions t = 0, Q t = 0; and at t = t, Q t = Q t , the integrated form of equation (4) becomes: ln − = ln − 1 (5) The linear form of the pseudo-first order model is given in figures 8A and 8B respectively.
Pseudo-secondorder
The pseudo-second order chemisorption kinetic equation [17, 18] is expressed as in equation 6:
where 2 is the rate constant for the pseudo-second order adsorption (g/mg.min). 
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For boundary conditions are that, at t = 0, Q t = 0; and at t = t, Q t = Q t , the integrated and rearranged form of equation (6) is:
In equation (7), 2 2 = ℎ is the initial rate of adsorption The linear form of the pseudo-second order model is given in figures 9A and 9B respectively 
Intraparticle diffusion model
The intraparticle diffusion model was proposed by Weber and Morris 1963 [19] . One attends a transport of the molecules in aqueous phase towards the surface of the solid phases in the pores by diffusion [3] . The equation is: 
Elovich kinetic model
The Elovich model is based on a kinetic development on the basis of the hypothesis that the sites of adsorption increase exponentially with adsorption, which implies a multi-layer adsorption [20] . The equation is: = − (10)
The linear form after integration at (Q t = 0, Q t = Q t , t = 0 and at t = t) is:
where is the adsorption capacity at time t (mg/g); α is the initial adsorption rate (mg/g.min); β is the adsorption constant (g/mg) and t the time of adsorption.
The linear form of Elovich model is given in figure 11A and 11B respectively The table below gives the various constants obtained starting from the exploitation of the studied kinetic models. From the above table, the adsorption of amaranth red by the biosorbents is having a positive relationship with the pseudo-second order kinetic model, since the correlation coefficients are close to the one: 0.998 for PAB; 0.999 for PAH and 0.997 for BCB and BCH. The applicability of the pseudo-second order kinetic model shows that, the rate limiting step is chemisorption [16] . According to this model, the interactions can be said to be chemical in nature; this same tendency was reported by Nanganoa et al. 2014 [6] and Guerrero-Coronilla et al. 2014 [7] , which also worked on the adsorption of amaranth red by smectite clay and four biosorbents of aquatic origin respectively. However, the time of half-reaction and initial speed show that the kinetic of accumulation of the pollutant is faster on the surface of materials treated than on the surface of materials untreated. The fact that linear plots for intraparticle diffusion model (Q t versus t 1/2 )for each sample did not pass through the origin is indicative that the intraparticle diffusion doesn't controlled biosorption process. 
Adsorption isotherm studies
Equilibrium adsorption isotherm is one of the most important data used in understanding the mechanism of adsorption systems. To determine the capacity of adsorption of the compounds on various biosorbents, the experimental data was verified using the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich (D-R) isotherms. The parameters for these adsorption models were calculated using the linear form of the isotherms equations.
Langmuir Isotherm
The Langmuir adsorption isotherm is often used for the equilibrium of the adsorption of solutes from solutions. It is expressed as [21] :
where, Q e is the adsorption capacity at equilibrium (in mg of adsorbate per g of adsorbent); C e is the equilibrium concentration of adsorbate (mg/L), while Q m is the maximum adsorption capacity corresponding to complete monolayer coverage expressed in mg of solute adsorbed per g of adsorbent, is the Langmuir constant in L of adsorbate per mg of adsorbent, and it is related to the energy of adsorption. Equation (12) can be rearranged in the linear form:
The linear form of Langmuir model is given in figures 12A and 12B respectively The factor of separation of Langmuir, R L , which is an essential factor characteristic of this isotherm is calculated by using the relation of Hall et al [22] shown in equation 14:
Where C 0 is the higher initial concentration of paracetamol, while K L and Q m are the Langmuir constant and the maximum adsorption capacity respectively. The parameters indicate the shape of the isotherm as follows: R L values indicate the type of isotherm. To be irreversible, R L = 1; to be favorable 0 < R L < 1; to be linear R L = 1; while to be unfavorable, R L > 1.
Freundlich Isotherm
The Freundlich isotherm is based on adsorption on a heterogeneous surface, as expressed by Freundlich 
Dubinin-Radushkevich (D-R) Isotherm
Langmuir and Freundlich isotherms are insufficient to explain the physical and chemical characteristics of adsorption. The Dubinin-Radushkevich isotherm is commonly used to describe the sorption isotherms of single solute systems. The Dubinin-Radushkevich isotherm, apart from being an analogue of the Langmuir isotherm, is more general than Langmuir isotherm because it does not apply to the homogeneous surfaces or surfaces of constant adsorption potential. The Dubinin-Radushkevich isotherm as expressed by Benhammou et al. [24] is show in equation 17.
where, is the main energy of adsorption and gives information about the physical and chemical features of adsorption. The linear form of the Dubinin-Radushkevich isotherm equation is:
where, = 1 + 1 is the Polanyi potential. 
Temkin Isotherm
The Temkin isotherm developed by Temkin in 1941 [25] for an adsorption in gas phase was transposed to the liquid phase by Zarrouki in 1990 [26] . The Temkin isotherm is generally given as shown in equation 19.
where is the rate of covering the surface of the adsorbent, A is the equilibrium constant and ∆ is the variation of the energy of adsorption. The linear form of equation (19) In the following table, Langmuir model has a high correlation coefficient (above 0.980) than other models. We can say that the Langmuir model better describes the phenomenon of adsorption on the surface of these four materials. This is in agreement with the results of Al-Aoh et al.2013 [4] . This indicates monolayer biosorption [8] . The values of 1/n of the Freundlich model for the four materials are lower than 1. This indicates high affinity between biosorbent and pollutant. The results of Temkin model shows that the heat of adsorption is higher than zero, increases with the maximum adsorption capacity and shows that the process of adsorption is exothermic. These observations show that, the process of fixation of amaranth red on the biosorbent is chemisorption. The different values of RL (8.06 x10 -3 for PAB; 0.010 for PAH; 0.047 for BCB and 0.056 for BCH) ranging between zero and one, indicates a favorable adsorption. The maximum adsorption capacities calculated from the Langmuir isotherm show that untreated materials adsorb more than the treated materials. These maximum adsorption capacities of the amaranth red by PAB, PAH, BCB and BCH were compared with those obtained by other adsorbents reported in the literature. 
Conclusion
The study of the biosorption of amaranth red on two lignocellulosic materials, pineapple peelings and coconut shells, untreated and treated with phosphoric acid was carried out in batch mode in order to understand the mechanism of adsorption of these compounds in aqueous solution. The effect of various parameters such as pH, contact time, amount of biosorbent, initial dye concentration was studied. The optimum pH for the dye removal is 2. Maximum biosorption was obtained within the first 60 min. The percentage eliminations is 99.42 for PAB; 97.10 for PAH; 89.32 for BCB and 88.06 for BCH corresponding to a maximum mass of 80 mg for all four materials. The present investigation revealed that the quantities of amaranth red adsorbed increases with increased in the initial concentration. The kinetic model study also showed that the biosorption follows the pseudo-second order equation. The Langmuir isotherm describes biosorption phenomenon with maximum adsorption capacities are 31.250 mg/g for PAB; 28.571 mg/g for PAH; 23.809 mg/g for BCB and 22.727 mg/g for BCH. They both show that the mechanism is chemisorption. The efficacy of untreated pineapple peelings and coconut shells is not dependenton chemical treatment.
